ABSTRACT Female Anopheles mosquitoes usually mate only once, but mating is seldom seen in small containers containing only one female and male. Therefore, matings are often performed among many adults in large cages or by forced copulation. Isolated-pair mating of Anopheles gambiae G3 strainÐ derived mosquitoes without forced copulation in small vials is described. We observed that the experimental variables eye color and male number were signiÞcant factors in the mating frequency. Females mated more frequently when three males were present over only one male. White-eyed females were more likely to be mated than wild-eyed females, but wild males mated more frequently than did white-eyed males. Experiments were also conducted to determine when mating was occurring by using wild-eye-color mosquitoes in isolated pairs. Almost no matings were observed before day 6 rather than the frequencies typically observed after 1Ð2 d in standard large-cage matings among large numbers of adults.
Aopheles gambiae GILES mosquitoes mate reluctantly in isolated pairs, and most experiments are performed using females mated to larger numbers of males without knowing the identity of the speciÞc mate. This is inconsequential when the purpose is stock maintenance or propagation. However, for many genetic purposes, such as microsatellite linkage analysis, it is useful to know the identity and speciÞc genotype of the male with certainty. This is tedious or impossible if tens of males are present in a container. The objective can be attained if the number of males per female is small, and they are genetically marked so that the progeny phenotype indicates parentage (Zheng et al. 1997) . However, even this method requires either microsatellite genotyping or use of morphological markers that may or may not be detectable among the F1 progeny. Forced copulation (McDaniel and Horsfall 1957, Baker et al. 1962) can also be performed, but the method is tedious, the number of progeny obtained is often lower than when free mating occurs, and it requires specialized skill.
We describe observations of isolated-pair and smallnumber matings of A. gambiae without forced copulation. We demonstrate that isolated-pair matings can be performed simply in small containers at rates sufÞciently high for experiments in which the identity of the speciÞc male mates must be known regardless of the eye color or male number.
Materials and Methods
Two established colony strains were used for all experiments. G3 (MRA-112, MR4 2001 ) is a wild-type colony from The Gambia; M2 (MRA-105, MR4 2001 ) is a white gene mutant strain that has white eye color and was created by irradiation of G3 (Benedict et al. 1996) . Mosquitoes were cultured according to Benedict (1997) . Females and males Ͻ20 h old were transferred from their emergence containers using a mouth aspirator, immobilized on ice brießy, and placed in Ϸ120 ml colorless transparent polystyrene vials (Qorpak, Bridgeville, PA, No. 3891, 6 .75 cm deep, 4.5 cm diam), the top of which was covered with overlapping screen mesh. The bottom was lined with a 5-cm white Þlter paper disk to absorb urine and sugar water droplets. A cotton pad soaked with 10% corn syrup was placed on top and moistened with water daily. Experiments using different strains and numbers of adults were performed concurrently. Adults were maintained in an insectary at Ϸ80% RH and 27ЊC. Lighting was provided by two independently controlled systems. An incandescent sunrise/sunset simulator varied the lighting between off and full brightness over a period of 30 m. When full brightness was reached, overhead ßuorescent lights operated continuously until artiÞcial twilight began 12 h. later. Spermathecae were dissected in phosphate-buffered saline to determine whether mating had occurred as shown by presence of sperm. Negative controls consisted of females prepared as above, but with no male present. A mul-tivariable logistic regression model was Þt in SAS 8.01 to model the log odds of successful mating. The main effects of interest were female eye color, number of males, and male eye color. To control for possible unknown differences in the experimental conditions, the variable "experiment" was also included in the model. Odds ratios were controlled for all effects other than the one of interest. We assumed that adult death occurred independently of probability of mating.
Results and Discussion
Three variables that reßect commonly used conditions for genetic crosses were tested for the frequency of mating, the eye-color, sex of the wild or mutant individual, and the number of males present. Four replicates of experiments were performed in which either one or three wild-or white-eyed males were placed in a vial with a single female having either eye color and a set of negative control females. Spermathecae were examined 7 d later. No matings were observed among the negative control females.
All three experimental variables had signiÞcant effects on mating frequency when controlled for experiment (Tables 1, 2 ). Whereas wild-eyed males mated more frequently than white-eyed males overall (105 versus 55, P Ͻ 0.0001), the white-eyed females mated more frequently than the wild-eyed females (92 versus 68, P ϭ 0.0248). Increased male number was highly positively associated with mating frequency (57 versus 103, P Ͻ 0.001) with 35% and 64% of females mating when one or three males were present, respectively. SigniÞcance of the variable "experiments" indicates that an unidentiÞed effect on mating frequency occurred between sets of experiments.
Experiments in containers larger than those used in our experiments corroborate the observation that higher ratios of males to females increase the frequency of mating. When colony A. gambiae or Anopheles arabiensis Patton were combined at ratios of 1:1, 2:1, and 3:1 males to females, increases in the frequency of mating was observed in both species in the 3:1 ratio group relative to the 1:1 group (Verhoek and Takken 1994) . Similarly, A. gambiae colony males mated females at high rates in a 2:1 ratio with little increase at higher ratios in preliminary experiments (Charlwood and Jones 1979) .
To determine how long after initiating the crosses mating occurred, G3 mosquitoes were combined three times in groups of Ϸ55 isolated pairs. On days 1Ð7 thereafter, females were selected from seven vials in which both adults were alive and spermathecae were examined. No mating was observed during the Þrst 4 d, and little mating was observed on day 5 (Table 3) . However, a majority of the females was mated by days 6 and 7.
This result demonstrates that mating is delayed beyond the 24 Ð 48 h that is typical for this species. In experiments in which colony A. gambiae males and females were left together in large cages continuously after emergence, insemination was observed in 17% of females after 1 d, and in 83% after 4 d (Charlwood and Jones 1979) . Similarly, when same-age A. gambiae colony males and females were held together, mating frequencies of 20% were observed after 4 d (Verhoek and Takken 1994) , however the authors note that the mating frequency in this colony is low relative to wild A. gambiae and another laboratory colony of A. arabiensis. In the latter species, 60% of females were mated after 3 d with males. The same authors report Number of mated wild-(؉) or white-eyed (w) females after 7 d in the presence of either one or three wild or white- a The odds of successful mating for white-eyed females is 1.59 (1.06, 2.37) times greater than the odds of successful mating for black-eyed females, controlling for male eye color, number of males and ÔreplicateÕ. the age of males and females at which their receptivity to mating is the greatest when they have been separated until that time. In this case, 7 d was the age of greatest receptivity. One can conclude then that greatest receptivity to mating occurs after the highest probability of mating in large cages; however, this does not appear to be the case in the small containers we used.
Our method conÞrms that high frequencies of isolated-pair matings of colonized material can be accomplished for genetic analysis without forced copulation. Moreover, it demonstrates that the white mutant eye-color has little negative effect on mating frequency. The method clearly requires a longer interval until mating can be expected than when matings are performed in conventional large-cages. This method should be useful for crosses in which parentage must be known, for example, microsatellite linkage analysis. Although we do not know for which other Anopheles species or colonies the method may be useful, we have extended the method to A. albimanus. Among 27 isolated-pair crosses of a wild colony named Santa Tecla (MRA-126, MR4 2001) crossed to an insecticide-resistant-selected stock HIOX/HIEST (Scott et al. 1994) , 15 hatching egg batches were obtained. These results support the general utility of this mating method. 
